By varying the composition of the growth medium and the genotype of the bacterial strain, five isoenzymes of CoA-dependent aldehyde dehydrogenase could be detected in Escherichia coli. Two isoenzymes (A, mol. wt 520000; and B, mol. wt 370000) were produced only in the presence of ethanolamine and vitamin (or coenzyme) B, ('inducible isoenzymes'), whereas the other three isoenzymes (C, mol. wt 900000; D, mol. wt 120000; and E, mol. wt 720000) were produced only in the absence of ethanolamine and vitamin B, ('repressible isoenzymes'). Partial purification and characterization of these isoenzymes revealed strong similarities, with respect to pH optima and substrate affinities, between isoenzymes within either of the two classes, but significant differences between the two classes. Mutant studies demonstrated that the relationships between the isoenzymes and between CoA-dependent aldehyde dehydrogenase and ethanolamine ammonia-lyase are both structural and regulatory in nature, and a two-operon model is proposed to account for the common control of the enzymes of ethanolamine catabolism in E. coli.
characterized (Blackwell & Turner, 1978; Pennington et al., 1981) . It has a molecular weight of 552600, being composed of six small catalytic subunits (mol. wt 35900) and six large regulatory or structural subunits (mol. wt 56900) (Pennington et al., 1981) . Previous work has shown that ethanolamine ammonia-lyase and the inducible isoenzymes of CoA-dependent aldehyde dehydrogenase are under common control, both being induced by the concerted effects of ethanolamine and vitamin (or coenzyme) B, (Jones & Turner, 1984) . We present here further data on the isoenzymes of CoA-dependent aldehyde dehydrogenase and propose a model for the structural and regulatory relationships amongst the isoenzymes and between ethanolamine ammonia-lyase and CoA-dependent aldehyde dehydrogenase.
M E T H O D S
Growrh condirions and media. Growth conditions were as described by Jones & Turner (1984) . Two types of growth medium were used, with different nitrogen sources: medium 1 contained ethanolamine (1 g 1 -I ) plus vitamin B, (adenosylcobalamin), the true co-inducer and cofactor of ethanolamine ammonia-lyase ; medium 2 contained ammonium sulphate ( 1 g 1-I ) as the nitrogen source.
The mineral composition of the media was as described by Scarlett & Turner (1976) and the carbon source was either glycerol or sodium acetate, at 5 g 1 -Bacteria. Escherichiu coli strains NCIB 81 14 and NCIB 8797 (strain K 12) were obtained from the National Collection of Industrial and Marine Bacteria, Aberdeen, UK. The constitutive mutant strain NCIB I1361 was selected from mutagenized strain NCIB 8 1 14 after continuous culture in medium containing growth-limiting levels of ethanolamine as the nitrogen source (Blackwell & Turner, 1978) . Mutant strains PDT 31 and PDT 104 were derived from strain NCIB 81 14, and SPB 18 was derived from strain NCIB 8797 after mutagenesis for 10 min at 37 "C with 1% (v/v) ethyl methanesulphonate. Strains PDT 31 and SPB 18 were isolated after ampicillin-enrichment in the presence of ethanolamine and vitamin B , 2 , and subsequent screening for inability to exhibit cobamide-dependent growth on ethanolamine as the nitrogen source. Strain PDT 104 was isolated after 6 d continuous culture with vitamin B,? (40 pg 1 -I ) and a growth-limiting level of ethanolamine (0.25 g 1-I ) , with sodium acetate ( 5 g I ~ I ) as the major carbon source.
Generic techniques. The position of the ealL mutation in strain SPB 18 (eulL srrR) was determined using the standard time of marker entry protocol, using E. coli K12 Hfr strains.
Production of enzyme preparations. Cell-free extracts were prepared as described by Jones & Turner (1984) . Ammonium sulphate precipitation was performed by the standard procedure, using solid ammonium sulphate, and the resultant pellet was resuspended in one-fifth the original volume, using the extraction buffer (20 mMTris/HCI, pH 7.5, containing 4 mM-DTT and 10 mM-potassium chloride). Such preparations were dialysed for 16 h against 1000 volumes of extraction buffer prior to assay of enzyme activities. All steps in the production of enzyme preparations were performed at 4 "C.
Molecular exclusion chromatographv. A column of Biogel A-1.5M (Bio-Rad) ( V , = 229.4 ml, C. , = 68.7 ml) was equilibrated with 100 mM-Tris/HCl buffer, pH 7. 5, containing 2004 (v/v) glycerol, 10 mwpotassium chloride and 4 mM-DTT. Elution and calibration details were as described by Jones & Turner (1984) .
Anion-exchunge chromatography. DEAE-cellulose (Whatman) was charged according to the manufacturer's instructions. A column (17.2 x 4.0 cm) was poured and equilibrated with 50 mM-Tris/HCl buffer, pH 7.9, containing 20°,, (v/v) glycerol and 4 mM-DTT. The sample was dialysed overnight against the equilibrating buffer. After loading the sample and washing the column, proteins were eluted with a 500 ml linear 0 . 5 M-potassium chloride gradient. Fractions (5 ml) were collected and assayed for enzyme activities, protein content and potassium chloride concentration, Polyucrjhnide discgel electrophoresis. This was performed using I0 cm long gels (7.5 %, wlv, separating gel and S o , ( , , wiv, stacking gel). Conditions included 50 m~-Tris/HCl running buffer (pH 8.7). a running current of 2 mA per gel and an operating temperature of 4 "C. The sample (100 pl volume. containing up to 100 pg protein) contained 200; (v/v) glycerol and incorporated bromophenol blue as the tracking dye. After electrophoresis was complete, the gels were stained to produce a zymogram specific for aldehyde dehydrogenase activity. The zymogram procedure involved incubating the unfixed gel for 10-20 min at 37 "C in the dark with a reaction mixture of 50 mM-potassium phosphate buffer, pH 7.9, containing NAD' (500 p~) , phenazine methosulphate (25 pg ml-I ) , 2,3,5-triphenyltetrazolium chloride (Sigma; 0.4 pg ml-I), acetaldehyde (50 mM) and coenzyme A. Aldehyde dehydrogenase activity within the gel reduced the tetrazolium salt to an insoluble formaran. visible on the gel as a red zone. This method measured both CoA-dependent and CoA-independent aldehyde dehydrogenases: control gels incubated in the absence of coenzyme A enabled the identification of bands due to the latter enzyme. Controls were also run to eliminate the possible effect of 'nothing-dehydrogenase'. but no such problem was encountered.
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Assays. Enzymes were assayed as described previously (Jones & Turner, 1984) . Ethanolamine ammonia-lyase activity in cell-free extracts or ammonium sulphate fractions was assayed by the colorimetric method of Scarlett & Turner (1976) , incorporating 5 mM-iodoacetamide in the reaction buffer, whereas activity in fractions eluted from Biogel A-1.5M or DEAE-cellulose was assayed using the spectrophotometric method (Blackwell & Turner, 1978) .
Enzyme activities are presented as nmol substrate converted min -I (mg protein)-or (ml fraction)-I under the prevailing assay conditions. Detection of protein which cross-reacted with antiserum prepared to pure E. cofi ethanolamine ammonia-lyase (Blackwell & Turner, 1978) was performed either qualitatively, by the use of Ouchterlony double-diffusion plates, or quantitatively, by incubation of samples with antiserum for 48 h at 4 "C and determination of the amount of protein precipitated. Protein concentration in column fractions was monitored by following absorbance at 280 nm. Protein content determinations in partially-purified enzyme preparations and in immunoprecipitation studies were performed by either the Lowry method or the Coomassie brilliant blue (3-250 assay (Sedmak & Grossberg, 1977) , depending on the concentration, and using bovine serum albumin as standard.
Concentrations of potassium chloride were determined by conductivity measurements. Presentation of data. Each experiment was performed at least three times and the data presented are the mean values obtained. In Tables 2 and 3 , data are presented as mean values, with the corresponding 95% confidence limits. Michaelis constants ( Table 3 ) were determined by regression analysis of the double-reciprocal LineweaverBurk data.
R E S U L T S
In all samples of E. cofi investigated, regardless of genotype or the growth medium, ethanolamine ammonia-lyase and CoA-dependent and CoA-independent aldehyde dehydrogenase activities were restricted to the 100000 g supernatant, with no activity being specifically associated with the pellet.
Elution from Biogel A-1.5M of cell-free extracts of E . coli strain NCIB 81 14 grown with glycerol, ethanolamine and vitamin B, (1.e. medium 1) resulted in co-elution of CoA-dependent and CoA-independent aldehyde dehydrogenase activities, the two peaks corresponding to molecular weights of 520000 and 370000 ( Fig. 1 a, Table 1 ). Ethanolamine ammonia-lyase eluted as a single peak at a volume corresponding to a molecular weight of approximately 520000 (Fig. 1 a) . Assaying the fractions for material which cross-reacted with rabbit antiserum against pure E. coli ethanolamine ammonia-lyase resulted in two peaks, corresponding to molecular weights of 520000 and 220000, the latter peak corresponding to the minor coenzyme B ,-binding protein observed by Pennington et al. ( I98 1) . The addition of ammonium sulphate (1 g 1 -I ) to inducing medium 1 produced no significant qualitative or quantitative change in the enzymes formed.
Extracts of bacteria grown with glycerol and ammonium sulphate (i.e. medium 2) also resulted in the elution of two peaks of both CoA-dependent and CoA-independent aldehyde dehydrogenases from Biogel A-l.5M, although here the elution profiles did not coincide (Fig. 16) . The two peaks of CoA-dependent aldehyde dehydrogenase eluted at volumes corresponding to molecular weights of 900000 and 120000, as opposed to values of 720000 and 120000 for the peaks of CoA-independent aldehyde dehydrogenase ( Table 1 ) . Using the colorimetric assay, no significant activity of ethanolamine ammonia-lyase could be detected in cell-free extracts of E. coli cultures grown on medium 2, but preliminary investigations had revealed a low concentration of material cross-reacting with ethanolamine ammonia-lyase antiserum in these cell-free extracts. A distinct peak of cross-reacting material co-eluted from Biogel A-l.5M with the 900000 molecular weight isoenzyme of CoA-dependent aldehyde dehydrogenase ( Fig. 1 h) but did not bind ~yano[~~Co]cobalamin (P. W . Jones & J . M. Turner, unpublished results). Crossreacting material also eluted at later volumes but amounts were low and variable (Fig. Ib) . Using the spectrophotometric assay, a low activity of ethanolamine ammonia-lyase activity was detected in the Biogel fractions, corresponding to approximately Zy{ of the activity eluted from extracts of cultures grown on medium I (Fig. lb) .
N o coincidence was observed between the elution peaks of N A D + -or NADP+-alcohol dehydrogenase (EC 1 . I , 1 . 1 and EC 1 . 1 . I .2, respectively) and those of any of the aldehyde dehydrogenase isoenzymes in the elution profiles from either induced or non-induced cultures. Mutant strains incapable of cobamide-dependent growth on ethanolamine as the nitrogen source were isolated from E. coli strains NCIB 81 14 (mutant P D T 31) and NCIB 8797 (SPB 18). Examination revealed that the two mutants carried a similar lesion, resulting in the inability to synthesize the large (L) subunit of ethanolamine ammonia-lyase, i.e. ealL (Pennington et al., 1981) . Because of the higher enzyme activities exhibited by derivatives of NCIB 81 14 (Jones & Turner, 1984) investigations concentrated on strain P D T 3 1, work with SPB 18 being restricted to mapping of the ealL locus.
Cell-free extracts from strain P D T 31 grown on medium 1 supplemented with ammonium sulphate (1 g 1-I ) exhibited activity of neither ethanolamine ammonia-lyase nor CoAdependent aldehyde dehydrogenase, although activities of CoA-independent aldehyde dehydrogenase comparable to those exhibited by parental strain NCIB 81 14 were produced (Table 2) . Elution of this cell-free extract from Biogel A-1.5M confirmed that only inducible isoenzymes of CoA-independent aldehyde dehydrogenase were produced, while material crossreacting to antiserum against ethanolamine ammonia-lyase eluted as a single peak corresponding to a molecular weight of 220000 (Fig. 2) In contrast, cell-free extracts from cultures of strain PDT 31 grown on medium 2 exhibited normal (i.e. parental) levels of both CoA-dependent and CoA-independent aldehyde dehydrogenase activity, but exhibited no activity of ethanolamine ammonia-lyase (Table 2) . Elution of this cell-free extract from Biogel A-1.5M revealed two peaks each of repressible CoAindependent and repressible CoA-dependent aldehyde dehydrogenase (Fig. 3) . Whereas the elution volumes of the CoA-independent aldehyde dehydrogenase peaks corresponded to the usual isoenzyme molecular weights (720000 and 120000), those of the CoA-dependent aldehyde dehydrogenase peaks corresponded to molecular weights of 720000 (instead of 900000) and 120000 (Fig. 3) . No ethanolamine ammonia-lyase activity was detected in the fractions eluted from the Biogel column, although a very small amount of material cross-reacting with antiserum raised to ethanolamine ammonia-lyase was detected at elution volumes corresponding to a molecular weight between 200000 and 250000 (Fig. 3) . In all cases, elution profiles exhibited by strain SPB 18 were qualitatively similar to those of strain PDT 31, and the ealL mutation in SPB 18 mapped at min 15. The acd gene of (presumably) repressible CoA-dependent aldehyde dehydrogenase mapped at min 62 in E. coli (Clark & Cronan, 1980) . Fraction no. Fig. 3 . Enzyme elution profile from Biogel A-l.5M of a cell-free extract (100 mg protein) from a culture of E. cofi PDT 31 grown on medium 2. For details of the fraction sizes, symbols and abbreviations, see the legend to Fig. 2 ; in addition blue dextran (BD, mol. wt 2 million) was used. The molecular weight of isoenzyme E was determined by reference to the Biogel calibration graph (see inset). For details of medium composition, elution procedure and Biogel calibration, see Methods.
In this way, E. coli can produce at least five isoenzymes of CoA-dependent aldehyde dehydrogenase depending on the strain genotype and the growth medium employed. For the sake of clarity, these have been designated isoenzymes A-E, and a brief summary of their salient characteristics is given in Table 1 . Wherever two isoenzymes were present in a cell-free extract, they were separable by ammonium sulphate precipitation or by anion-exchange chromatography as well as by molecular exclusion chromatography. Fractionation of the appropriate cellfree extracts isolated isoenzyme A (mol. wt 520000) in the 20-36% saturated ammonium sulphate fraction; B (370000) in the 38-53% fraction; C (900000) in the 16-36% fraction; D (120000) in the 44-65% fraction; and E (720000) in the 22-42% fraction.
Partially purified preparations of the five CoA-dependent aldehyde dehydrogenase isoenzymes were obtained by ammonium sulphate fractionation of cell-free extracts and subsequent chromatography on Biogel A-1.5M. Because of the co-elution in several cases of isoenzymes of CoA-dependent and CoA-independent aldehyde dehydrogenase (e.g. Figs 1 a, b) the isoenzyme preparations eluting from Biogel A-l.5M were re-chromatographed from DEAEcellulose to separate the two forms of aldehyde dehydrogenase. After concentration by ultrafiltration, samples of each isoenzyme preparation were individually subjected to electrophoresis on 7.5 % (w/v) polyacrylamide gels after each stage of purification. Subsequent zymogram staining of the gels for aldehyde dehydrogenase activity revealed two bands per gel after ammonium sulphate fractionation and molecular exclusion chromatography but only a single band per gel after anion-exchange chromatography (P. W. Jones and J. M. Turner, unpublished results). Re-estimation of the molecular weights of the isoenzymes in the partially-purified preparations revealed no changes from the values obtained from cell-free extracts (Table l) , with the exception of isoenzyme A. Whereas the elution volume from Biogel A-1.5M of isoenzyme A from cell-free extract corresponded to a molecular weight of 520000, the value fell to 120 000 after anion-exchange chromatography; further investigation revealed that this molecule was a dimer with a subunit size of 58 100 and did not cross-react with antiserum to ethanolamine ammonia-lyase (P. W. Jones & J. M. Turner, unpublished results).
The partially-purified preparations of the five isoenzymes were then compared with respect to a number of characteristics (Table 3 ). All five isoenzymes could utilize butyraldehyde and propionaldehyde as substrate, though they preferred acetaldehyde, but only isoenzymes A and B could act on glycolaldehyde (Table 3 ). Some inter-isoenzyme variation was noted with respect to kinetic constants and pH optima. Preliminary kinetic studies, using the procedure for three- substrate systems employed by Frieden (1959) , suggested that all five isoenzymes exhibit kinetics of a ping-pong nature. Maximum activity of each of the five isoenzymes required the presence of a thiol compound such as cysteine, DTT or 2-mercaptoethanol, while iodoacetamide caused irreversible inhibition of all five isoenzymes. Absolute cofactor-specificity towards NAD+ was exhibited by the five isoenzymes. The synthesis of ethanolamine ammonia-lyase and CoA-dependent aldehyde dehydrogenase (both total inducible and total repressible activities) in E. coli NCIB 81 14 was subject to catabolite-repression by acetate (Table 4) and simple sugars. A mutant strain derived from NCIB 81 14, strain PDT 104, was selected for rapid cobamide-dependent growth in the presence of normally growth-limiting levels of ethanolamine as the nitrogen source, with sodium acetate acting as the major carbon source. Strain PDT 104 carried two distinct regulatory lesions, both of which affected synthesis of ethanolamine ammonia-lyase and CoA-dependent aldehyde dehydrogenase but not that of CoA-independent aldehyde dehydrogenase. In PDT 104, production of normal induced activities of ethanolamine ammonia-lyase and CoA-dependent aldehyde dehydrogenase occurred in the absence of ethanolamine and vitamin B, 7- (Table 4) , these and other data suggesting that the mutation is similar to that carried by strain NCIB 11361 (Jones & Turner, 1984) . Furthermore strain PDT 104 also exhibited altered sensitivity to cataboliterepression by acetate and mono-and disaccharides. Production of ethanolamine ammonia-lyase was catabolite-insensitive, that of inducible CoA-dependent aldehyde dehydrogenase was only slightly sensitive, whereas production of repressible CoA-dependent aldehyde dehydrogenase in PDT 104 exhibited a degree of catabolite repression similar to that exhibited in parental strain (0) 71 (0) 54 (56) 13 (14) NCIB 81 14. Other enzymes which are normally subject to catabolite repression in E. coli NCIB 81 14, e.g. /?-galactosidase, were unaffected by the mutation carried by strain PDT 104. Strain NCIB 11361 was derived from NCIB 81 14 using a selection procedure similar to that used for PDT 104, with the exception that glycerol replaced sodium acetate as the carbon source (Blackwell & Turner, 1978) , with the result that strain NCIB 11361 exhibited constitutive but still catabolite-repressible production of ethanolamine ammonia-lyase and inducible CoAdependent aldehyde dehydrogenase (Jones & Turner, 1984) . The relative effects of acetate on each isoenzyme of CoA-dependent aldehyde dehydrogenase in strains NCIB 81 14, PDT 31 and PDT 104 were then determined by comparing elution profiles from Biogel A-1.5M of the corresponding cell-free extracts of cultures grown with glycerol or acetate as the major carbon source. By integration, the total activity of each isoenzyme produced in the presence of glycerol or acetate was determined. The results show that production of each of the five isoenzymes was subject to catabolite-repression in NCIB 81 14 (Table 5 ) and PDT 31 (P. W. Jones & J. M. Turner, unpublished results), the inducible isoenzymes being significantly more sensitive than the repressible isoenzymes ( Table 5) . In PDT 104, production of isoenzymes A and B was catabolite-insensitive, while that of isoenzymes C and D was subject to catabolite repression ( Table 5 ). This explains the low level of catabolite repression by acetate of total inducible CoA-dependent aldehyde dehydrogenase compared to the complete catabolite insensitivity of ethanolamine ammonia-lyase in PDT 104, (Table 4 ). The constitutivity conferred by the mutations carried by strains PDT 104 and NCIB 11361 resulted in over-production by 20-30:{, relative to the parental strain, of ethanolamine ammonia-lyase and both inducible isoenzymes of CoA-dependent aldehyde dehydrogenase ( Table 5 ; P. W . Jones & J. M. Turner, unpublished results).
D I S C U S S I O N
Both CoA-dependent and CoA-independent aldehyde dehydrogenase exhibit isoenzyme series, including both inducible and repressible forms. The data presented here extend the CoAdependent aldehyde dehydrogenase series to five isoenzymes and permit the proposal of a model for the interrelationship between these five isoenzymes.
Multiple molecular forms of CoA-independent aldehyde dehydrogenase have been reported from other species including rat (Berger & Weiner, 1977) and yeast (Clark & Jakoby, 1970a ). Several models have been proposed to account for such isoenzyme series, e.g. proteolytic degradation of the native enzyme into smaller but still active proteins, as in the case of yeast CoA-independent aldehyde dehydrogenase (Clark & Jakoby, 1970b) , binding of the enzyme to other proteins, and differing degrees of aggregation of a common unit. The last two models have both been proposed by Goodman & Tephly (1972) to account for the apparent fall in molecular weight of human formaldehyde dehydrogenase during purification. At equilibrium all three models could account for a series of isoenzymes of different molecular weight derived from a common basic unit, with the isoenzymes probably differing in size and specific activity but not in gross kinetic parameters (Clark & Jakoby 1970b) . Rudolph et al. ( 1 968) reported co-purification of alcohol dehydrogenase with CoA-dependent aldehyde dehydrogenase (presumably repressible) from E. coli, while Clark & Cronan (1980) also presented evidence for a relationship between the two enzymes in E. coli. From elution data from Biogel A-1 .5M we found no evidence for association of alcohol dehydrogenase with any isoenzyme of CoA-dependent aldehyde dehydrogenase, nor was there any significant relationship between activities of the enzymes as medium composition or strain genotype was altered (P. W. Jones & J. M . Turner, unpublished results) . The wide range of molecular weights exhibited by the isoenzymes of CoA-dependent aldehyde dehydrogenase (Table 1) suggests that the isoenzymes are the result of differing degrees of subunit aggregation rather than of proteolytic degradation.
Relationship between inducible and repressible isoenzymes of CoA-dependent aldehyde dehydrogenase It is apparent from the data presented here and previously (Jones & Turner, 1984) that the inducible and repressible forms of this enzyme are encoded in separate operons, transcription of both of which is mediated by the concerted effects of ethanolamine and vitamin B, ? . This is supported by the data from mutant PDT 104 in which an apparent promoter lesion, similar in effect to that in a L8 revertant of the lac promoter (Beckwith et al., 1972) , resulted in cataboliteinsensitive transcription of the inducible isoenzymes but not the repressible isoenzymes. The constitutivity exhibited by mutants NCIB 11361 and PDT 104 is due to an effect on either the regulator protein or the operator of the operon controlling inducible CoA-dependent aldehyde dehydrogenase. If the latter alternative proves to be the case, the data are consistent with a common regulator protein binding to the operators of both operons (i.e. the operons controlling inducible and repressible CoA-dependen t aldehyde dehydrogenase).
There is, however, evidence for a genetic link between inducible and repressible isoenzymes of CoA-dependent aldehyde dehydrogenase. The ealL mutation carried by PDT 31 affected the production of both inducible isoenzymes (A and B) and of a repressible isoenzyme (C) of CoAdependent aldehyde dehydrogenase. It appears that the gene product of ealL (protein I ; Pennington et al., 1981) is essential for activity of the inducible isoenzymes, whereas it plays a non-essential structural role in isoenzyme C, absence of protein I resulting in a fall in isoenzyme molecular weight so that isoenzyme C is replaced by isoenzyme E. The presence of protein I in isoenzyme C was also demonstrated by the cross-reaction between isoenzyme C and antiserum raised to ethanolamine ammonia-lyase. This cross-reaction was also observed after further purification of isoenzyme C using anion-exchange chromatography (P. W. Jones & J. M. Turner, unpublished results) . No cross-reaction was observed between the antiserum and isoenzyme E. In the absence of protein I, the change in molecular weight of the larger of the two repressible isoenzymes (i.e. isoenzyme E replacing isoenzyme C) is approximately 180000 and this is sufficient to account for a trimer of protein I (i.e. 13) in isoenzyme C. This is interesting as ethanolamine ammonia-lyase is composed of six molecules of protein I (Pennington et al., 1981) . An unreplicated experiment, using SDS-PAGE of purified isoenzyme D, showed that the molecular weight of the isoenzyme D subunit (ald R) is 58400, suggesting that isoenzyme D is a homodimer (calculated mol. wt 116800; estimated mol. wt 120000) and that isoenzyme C is a dodecamer bound to a I3 trimer (calculated mol. wt 871 500; estimated mol. wt 900000), with isoenzyme E being a simple dodecamer (calculated mol. wt 700800; estimated mol. wt 720000). The role of the I 3 trimer is not clear; it is not needed for aggregation, although, if present, it will bind to the dodecamer.
Characterization of CoA-dependent aldehyde dehydrogenase isoenzymes in terms of kinetic constants, substrate specificities and pH optima revealed strong similarities within both the inducible and the repressible classes, whereas significant differences were apparent between isoenzymes from the different classes, e.g. the lower pH optima exhibited by inducible isoenzymes relative to repressible isoenzymes. It would be expected that isoenzymes derived from a common catalytic unit would exhibit similar kinetic parameters though differing in specific activity (Clark & Jakoby 1970b) , and this supports the hypothesis relating the various isoenzymes of CoA-dependent aldehyde dehydrogenase.
Relationship between inducible CoA-dependent aldehyde dehydrogenase and ethanolamine ammonia-lyase The similarity of effects on the production of these enzymes of ethanolamine and vitamin B1 and of constitutive and catabolite-insensitive mutants suggests strongly that the two enzymes are in a single operon. Apart from this regulatory link, there is also evidence to support a structural link between inducible CoA-dependent aldehyde dehydrogenase and ethanolamine ammonialyase.
Elution from Biogel A-1.5M of extracts from NCIB 81 14 cultures grown on medium 1 produced two peaks of material which cross-reacted with antiserum prepared against ethanolamine ammonia-lyase, these peaks eluting at volumes corresponding to molecular weights of approximately 520000 (native ethanolamine ammonia-lyase) and 220000 (Pennington et al., 1981) . The latter molecule is a hexamer of the small catalytic subunit (protein 11, mol. wt 35 900) of ethanolamine ammonia-lyase, which exhibits no ethanolamine ammonia-lyase activity but carries the ethanolamine and coenzyme B, binding sites (Pennington et al., 1981) . Strain PDT 31 (ealL) , grown in the presence of ethanolamine and vitamin B, produced only the hexamer of protein I1 (i.e. I16). No inducible CoA-dependent aldehyde dehydrogenase activity was exhibited by P D T 31, although the evidence suggests that protein I is not the catalytic unit of inducible CoA-dependent aldehyde dehydrogenase (e.g. no cross-reaction between ethanolamine ammonia-lyase antiserum and either isoenzyme B or dimeric isoenzyme A ; no CoA-dependent aldehyde dehydrogenase activity associated with pure ethanolamine ammonia-lyase). Protein I appears to play a regulatory or structural role in the assembly of inducible CoA-dependent aldehyde dehydrogenase. Evidence from the purification of isoenzyme A suggests that the basic catalytic unit of inducible CoA-dependent aldehyde dehydrogenase is a dimer of the subunit (ald A, mol. wt 58100), a situation similar to that proposed for the repressible isoenzymes. It is proposed that dimerization of ald A and subsequent aggregation to produce the hexamer requires the binding of the I, trimer (isoenzyme A, ald AJ3; calculated mol. wt 519300; estimated mol. wt 520000). Once aggregated, the 7, trimer can dissociate from the ald A complex, leaving a stable functional enzyme (isoenzyme B, ald A, ; calculated mol. wt 348600; estimated mol. wt 370000). During anion-exchange chromatography, isoenzyme A dissociated into the basic catalytic unit, the ald A, dimer (calculated mol. wt 1 16 200: estimated mol. wt 120000).
Evidence is presented here to suggest a small degree of expression of this operon in the absence of ethanolamine and vitamin B, ,, e.g. the detection of low levels (approximately 2:; of the fully-induced value) of ethanolamine ammonia-lyase and material cross-reacting with antiserum against ethanolamine ammonia-lyase in extracts from cultures of NCIB 8 114 grown on medium 2. This phenomenon is well-documented in other inducible operons in E. coli, e.g. the lac operon. Under these conditions, similarly low levels of activity of inducible CoA-dependent aldehyde dehydrogenase would be anticipated, but were not detected. This is probably due to technical difficulties in detecting such low levels of activity superimposed upon the basic profile of repressible isoenzymes of CoA-dependent aldehyde dehydrogenase.
Relationship bot\.tx~en Co A-clependenr and Co A-independent altiehjdc. clehjdrogenasr The data presented here and elsewhere (Jones & Turner, 1984) indicates that there is no genetic link (structural or regulatory) between these two aldehyde dehydrogenases, structural and regulatory mutations of CoA-dependent aldehyde dehydrogenase having no effect on CoAindependent aldehyde dehydrogenase. The similarities between these two enzymes (e.g. inducible and repressible isoenzyme series under the control of ethanolamine and coenzyme B, .; similarities in subunit and isoenzyme molecular weight) may be tentatively attributed to evolutionary divergence from a common ancestral gene. The evolution of the functional link 
